Role of Tyrosinase as the Determinant of Pigmentation in Cultured Human Melanocytes  by Iozumi, Ken et al.
Role of Tyrosinase as the Determinant of 
Pigmentation in Cultured Human Melanocytes 
Ken Iozumi, *t George E. Hoganson,t Raffaele Pennella, *t Mark A. Everett, t and Bryan B. Fuller*t 
"Department of Biochemistry and Molecular Biology and tDepartment of Dermatology, University of Oklahoma Health Sciences 
Center, Oklahoma City, Oklahoma; and :J:Department of Pediatrics, University of Illinois College of Medicine, Chicago, Illinois, U.S.A. 
Variations in human pigmentation among different racial 
groups are due to differences in the production and deposi-
tion of melanin in the skin. Although melanin synthesis is 
known to be controlled by the rate-limiting enzyme tyrosin-
ase, the role of this enzyme as the principal determinant of 
skin pigmentation is unclear. Results from studies with 
human melanocyte cultures derived from different racial skin 
types reveal an excellent correlation between the melanin 
content of melanocyte cultures and the in situ activity of 
tyrosinase. Melanocytes derived from black skin have up to 
10 times more tyrosinase activity and produce up to 10 times 
more melanin than melanocytes derived from white skin. 
However, the higher level of tyrosinase activity in melano-
cytes derived from black skin is not due to a greater abun-
dance of tyrosinase. Results from immunotitration experi-
ments and Western immunoblots reveal that the number of 
D ifferences in racial skin pigmentation are dU. e to vari-ations in the amount of melanin produced by mel a-nocytes and deposited throughout the epidermis [1). Differences in skin melanin content are likely to be due to several factors, including 1) the rate of synthe-
sis and decay of tyrosinase; 2) the activity of tyrosinase in melano-
somes; 3) the rate of synthesis and melanization of melanosomes; 4) 
melanosome size; 5) the efficiency of melanosome transfer to kerati-
nocytes; and 6) the rate of degradation of melanosomes in keratino-
cytes [2,3). At present, little is known with regard to the relative 
importance of any of these steps in regulating racial pigmentation. 
Because tyrosinase is the rate-limiting enzyme for melanin synthe-
sis, and because defects in tyrosinase activity lead to albinism in 
humans [4), it seems likely that racial differences in human skin 
color may be due primarily to differences in tyrosinase activity in 
melanocytes from varying skin types. Previous studies examining 
tyrosinase activity in homogenates from black and white neonatal 
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tyrosinase molecules present in white-skin melanocytes may 
equal the number found in highly pigmented black skin 
types . Moreover, approximately equivalent levels of tyrosin-
ase mRNA are present in white and black skin cell strains. In 
contrast, melanocytes derived from red-haired neonates with 
low tyrosinase activity contain low numbers of tyrosinase 
molecules and low levels of tyrosinase mRNA. These results 
show that tyrosinase activity and melanin production in most 
light-skinned people is controlled primarily by a post-trans-
lational regulation of pre-existing enzyme and not by regulat-
ing tyrosinase gene activity. In contrast, melanocytes from 
red-haired (type I) people have low levels of tyrosinase pro-
tein and mRNA, suggesting that transcriptional activity of 
the tyrosinase gene is suppressed. ] Invest Dermatol 100: 
806-811,1993 
foreskins have shown that, on average, black skins have higher 
tyrosinase activity than white skins [5,6]. To more clearly define the 
role of tyrosinase as a determinant of human skin color, we exam-
ined tyrosinase activity, enzyme abundance, and tyrosinase mRNA 
levels in melanocyte cell cultures derived from various human skin 
types. 
MATERIALS AND METHODS 
Reagents and Supplies L-[ring-3,5-3H]tyrosine (46.7 Ci/ 
mmol) was purchased from DuPont New England Nuclear (Bos-
ton, MA). Minimum essential Eagle's medium for suspension cul-
tures was obtained from Flow Laboratories (McLean, V A). Ham's 
F-10 nutrient mixture powder and trypsin (1 : 250) were purchased 
from Gibco Laboratories (Grand Island, NY). Fetal bovine serum 
and horse serum were purchased from Hy Clone Laboratories Inc. 
(Logan, UT). (14CJtyrosine (350 mCijmmol) was obtained from 
ICN (Irvine, CA). Charcoal (Norit SG activated charcoal) and 2,5-
diphenyloxazole were purchased from MCB Manufacturing Chem-
ists Inc. (Cincinnati, OH). Triton X-1 00 came from Research prod-
ucts International Corp. (Mount Prospect, IL). Bovine serum 
albumin, cycloheximide, geneticin, penicillin-G, dihydroxypheny-
lalanine (L-DOPA), Tyrode's salts, L-tyrosine, 3-isobutyl-1-
methyl-xanthine, phenylmethylsulfonyl fluoride (PMSF), strepto-
mycin, and 12-0-tetradecanoylphorbol 13-acetate were purchased 
from Sigma Chemical Co. (St. Louis, MO). 
Cell Cultures Human melanocyte cultures were prepared from 
foreskins of black and white neonates and from neonates with red 
hair by a modified method of Eisinger and Marko [7]. The mel-
anocyte growth medium was composed of Ham's F-lO medium, 
32 nM 12-0 -tetradecanoylphorbol 13-acetate, 1O-4M 3-isobutyl-
0022-202Xj93jS06.00 Copyright © 1993 by The Society for Investigative Dermatology, Inc. 
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I-methyl xanthine, 5% fetal bovine serum, 10% horse serum 
zoo U /m.l penicillin, and 200,ug/ml streptomycin. To eliminat~ 
contaminating fibroblasts, growth medium was supplemented with 
25 f.J.g/ Inl geneticin for as long as needed. Cells were passaged when 
cell densities reached 4 X 104 cells/cm2 • Cells were removed from 
flasks . vvit.11 Tyrode's . sol~tion containing 5 mM (disodium) ethy-
lenedlaInllletetraacetlc aCid (pH 7.2) and were counted in a Coulter 
counter (Coulter Electronics Inc., Hialeah, FL). For the experi-
ments, Inelanocytes were seeded into either 25-cm2 flasks at 2 X 105 
cells/flask (for tyrosinase measurements) or 75-cm2 flasks at 6 X 
105 cells/flask for cell-fractionation studies or for RNA extractions. 
Ce;l densities wer.e never allowed to increase be~ond 4 X 104 cells/ 
em for any expenment. All melanocyte cell strall1s used for experi-
ments had been maintained in culture for less than 4 months. 
Tyrosinase Assays 
Tyrosine Hydroxylase Assays: To determine in situ tyrosinase activ-
ity in cell cultures, growth medium was supplemented with l,uCi/ 
ml of [3H]tyrosine and was added to cells (2.0 X 105 cells) for 24 h. 
The medium was then removed from flasks and was assayed for the 
presence oPH20 using the charcoal-absorption method of Po mer-
antz [8]. To determine tyrosinase activity in cell homogenates, cell 
pellets (2.0 X 105 cells) were sonicated in 0.5 ml of 0.1 M sodium 
phosphate buffer (pH 6.8) containing 0.1 mM PMSF and, where 
indicated, 0.5% Triton X-l 00, and 50-.ul aliquots were incubated in 
0. 5 rnl of a reaction mixture consisting of 0.1 mM tyrosine, 2,uCi/ 
ml of [3H]tyrosll1e, 0.1 mM L-DOPA, and 0.1 mM PMSF in 0.1 M 
sodium phosphate buffer (pH 6.8). Incubations were carried out at 
37°C for 2 h. To terminate the reaction, 1 ml of charcoal (10% w/v 
in O. ~ N HCI) was added to each assay tube, and the samples were 
centnfuged at 2000 X g for 10 min. The supernatants were mixed 
with scintillation fluid (4 g/12,5-diphenyloxazole in toluene/Tri-
ton X-I 00, 2: 1) and counted in a TM Analytic scintillation spec-
trometer. 
Tyrosinase Assays in Membralle/Melallosomal a/ld Cytosol Frac-
tiO IlS: Melanocytes (0.7-2.6 X 106 cells) were sonicated (Heat 
Systems-Ultrasonics, Plainview, NY) in 0.6 ml of 0.1 M sodium 
phosphate buffer (pH 6.8) containing 0.1 mM PMSF six times for 5 
seconds each and were divided into two aliquots. One aliquot of 
homogenate was kept at 4 ° C; the other aliquot was centrifuged at 
50,000 X g for 20 min at 4°C. The supernatant fraction (cytosol) 
was kept at 4°C, and the pellet (membrane/melanosomal fraction) 
was suspended in 0.3 ml of 0.1 M sodium phosphate buffer con-
taining 0.1 mM PMSF and was then sonicated. The tyrosine hy-
droxylase activity in each fraction and in the unfractionated homog-
enate vvas measured as described above. 
Melanin Assays For melanin measurements, cells were removed 
from flasks and were centrifuged at 100 X g for 5 min. The cell 
pellets W'ere washed once in phosphate-buffered saline and incu-
bated in 2 ml of 1 N NaOH for 48 h at 37°C, and the absorbance 
was measured at 400 nm [9]. 
Imtnunotitration Analysis To determine the relative abun-
dance of tyrosinase in different melanocyte cell strains, increasing 
amounts of cell homogenates were incubated with 0.2,u1 of anti-
tyrosinase serum [10] in immunoprecipitation buffer [0.05 M 
Tris(hydroxymethyl)aminomethane (Tris)-HCl (pH 7.4), 0.5% 
Triton X-I00, and 150 mM NaCl] for 1 hat 3rc (the total vol-
ume in each tube was 0.2 ml). Pansorbin (1.5 mg) was then added, 
and the tubes were vortexed every 10 min for 30 min and then 
centrifuged in an Eppendorf microcentrifuge for 5 min. Tyrosine 
hydroxylase activity remaining in the supernatant was assayed as 
described above. 
Northern Blot Analysis Tyrosinase mRNA levels were deter-
mined by Northern blot analysis using a human tyrosinase cDNA 
probe [11], as described elsewhere [12,13]. Quantitation of North-
ern blot films was performed by densitometric scanning on a Molec-
ular Dynamics model 300A Computing Densitometer. All tyrosin-
ase rnRN A levels were normalized to the amount of glyceraldehyde 
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phosph~te.ci.e?ydrogenase present in the same sample to control for 
any vanablltttes 111 RNA quality or for the amount of RNA loaded 
onto the gels . The normalized tyrosinase mRNA values were di-
vided by the mRNA value for one of the cell strains, 73R. There-
fore, all of the data shown are the tyrosinase mRNA levels relative 
to that in the cell strain 73R. 
Immunoblots To visualize and quantitate tyrosinase from black 
and white melanocytes, cells (2 X 106) were removed from culture 
flasks and were resuspended in 0.5 ml of 0.05 M sodium phosphate 
buffer (pH 6.8) containing 0.1 mM PMSF and 0.5% Triton X-I00. 
The cell suspension was briefly sonicated and left at 4 ° C for 1 h to 
solubilize tyrosinase. The suspension was then centrifuged at 
50,000 X g for 20 min at 4 ° C . The supernatants were mixed with 
sodium dodecyl sulfate (SDS) sample-treatment buffer [10% SDS 
and 10% glycerol in 0.5 M Tris-HCI (pH 6.8) withoutp-mercap-
~oethanoll, and equal amounts of cell extract (25 ,ug protein; approx-
unately 8 X 104 ~ells) were electrophoresed in duplicate on 10% 
SDS po~yacrylamlde gels. Following electrophoresis, the position 
of ryros111ase was determined by incubating the gel first in 0.5 M 
sodIUm pl~osphate buffer (pH 6.5) for 10 min and then in 0.2% 
L-J?O.PA 111 0.1 M sodium phosphate buffer (pH 6.8) at 37 ° C. 
Wlt1un 10 min, a melanin band was clearly visible on the geL The 
duphcate gel was electroblotted (60 V for 2 h in 25 mM Tris, 
192 mM .glycine, and 15% methanol) onto an Immobilon P mem-
brane (MIlhporeCorp . .' Bedford, MA), and tyrosinase was detected 
by Immunoblottl.ng uSl11g. a rabbit anti-mouse tyrosinase antiserum 
~d an Immun-Llte chenuluminescent/ alkaline phosphatase detec-
tion kit m~nufactured by Bio-Rad Laboratories (Richmond, CA). 
The chemllummescent signal was detected by exposing the blot to 
Koda~ XAR X-ray film for 15 min, followed by development. 
Tyrosmase abu~dance :was. quantitated by determining the volume 
of the autoradlOgraphlc Signal on a Molecular Dynamics model 
300A computing densitometer. 
Statistics To determine the correlation between two different 
~ariables, Ii~ear regression analysis was performed, and the correla-
tlOn coe~CJent was c~lculated (Fig P scientific figure software pro-
gram; Blosoft, Cambndge, UK). Tests for significance of the differ-
ence ~etween the ~eans of two independent samples were carried 
out Without assummg that the two population variances were the 
same [14]. 
RESULTS 
The rel~tionship between tyrosinase activity and human pigment 
~roductton w~s mvestig.ated in human melanocyte cell strains estab-
hshed from dIfferent skill types. To date, over 20 different melano-
cyte-cell stram cultures have been established and all have main-
tained their phenotypic characteristics in cul;ure for over a year. 
~elanocytes derived from black skin (black melanocytes) display 
hIgh levels of melanin synthesis in culture, whereas melanocyte 
cultures from white skin (white melanocytes) remain lightly pig-
~e~ted. Melanocytes from red-haired neonates are phenotypically 
sumlar to melanocytes from white neonates. Melanocytes from ei-
ther white or red-haired neonates may be lightly pigmented, but 
these cells never produce as much pigment as melanocytes from 
black neonates. 
. To study the relationship between tyrosinase and melanin produc-
tl?n 111 human melanocytes, we measured tyrosinase activity in 15 
different melanocyte cell strains using an ill situ enzyme assay . We 
also measured the amount of melanin produced by these cell strains. 
As shown in Fig 1, we found an almost perfect correlation (r = 
0.923) between the level of tyrosinase activity in a melanocyte and 
the amount of melanin produced in that cell. As might be expected, 
tyrosinase activity and melanin content in all of the white-melano-
cyte studies were markedly lower than in black melanocytes; how-
ever, when we measured tyrosinase activity in the same cell strains 
using a homogenate assay instead of the in situ assay, the correlation 
between tyrosinase activity and melanin content was not as good 
(Fig 2; r = 0.808). Tyrosinase activity was higher in both black and 
white cell strains, as might be expected, because of the solubilization 
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Figure 1. Correlation between melanin content and tyrosine hydroxylase 
activity in situ. Melanocytes (Q.O X 105 cells) were seeded into a 25-cm2 
flask, and melanin content and tyrosinase activity in situ were determined as 
described in Materia ls atld Methods. Data points are the averages of three 
assays. Cell strains represented arc from black (solid circles), white (opel! 
circles), and red-haired (triangle) neonates. 
of membrane-bound tyrosinase by the detergent, Triton X-IOO. 
More important, however, the hom~genate .as~ays revealed that 
some of the white cell strains had tyrosll1ase aCtivity levels that were 
now 60 - 100% that of black cell strains. In contrast, the in situ assays 
showed that white strains typically had 10% of the activity of black 
melanocytes. Figure 3 shows a comparison of tyrosinase activity 
measured in situ and in homogenates. This discrepancy between in 
situ and homogenate assays suggested to us that white-melanocyte 
cell strains (and also black strains) may contain a significant amount 
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Figure 2. Correlation between melanin content (absorbance at 400 nm) 
and tyrosine hydroxylase activity in melanocyte homog~nates. Melanocytes 
(2.0 X 105 cells) were removed from culture flasks with Tyrode's solution 
containing 5 mM ethylenediaminetetraacetic acid and centrifuged at 100 X 
g. The cell pellets were washed once in phosphate-buffered saline and then 
frozen at -70 0 C until assayed. Homogenates were prepared by sonication in 
0.1 M sodium phosphate buffer (pH 6.8) containing 0.1 mM PMSF, and 
melanin content and tyrosinase activity were determined as described in 
Materials alld Methods. Data points are the averages of three assays. Cell strains 
represented are the same as those shown in Fig 1 and are from black (solid 
circles), white (opell circles), and red-haired (triangles) neonates. 
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Figure 3. Comparison between tyrosinase activity i/l situ (left) and tyrosin-
ase activity in cell homogenates (right). Data from Figs 2 and 3 were com-
pared in scattergrams. Cell strains represented are from black (solid circles) , 
white (opel! circles), and red-haired (triatlgles) neonates. 
of tyrosinase, which, in the living cell, does not exist in a catalyti-
cally optimum state. When released from the melanosome environ-
ment by detergent, this enzyme becomes active. 
Although it is widely known that tyrosinase exists predominantly 
in the melanosome and is not found in soluble form, we carried out 
studies to confirm that tyrosinase in melanocytes derived from 
black, white, or red-haired skin types is localized primarily to the 
melanosome. We measured tyrosinase activity in cytosol and mem-
brane/melanosomal fractions prepared from homogenates of these 
cell strains, and, as shown in Fig 4, tyrosinase was predominantly 
localized to the membrane fraction of the melanocyte regardless of 
the cell type. 
Because these results indicate that white melanocytes with low ill 
situ tyrosinase activity must still make significant amounts of the 
enzyme protein, we carried out experiments to determine the rela-
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Figure 4. Determination of the intracellular distribution of tyrosine hy-
droxylase activity in black- and white-melanocyte cell strains and in melano-
cytes derived from red-haired neonates. Homogenates were prepared from 
live cell strains and were centrifuged at 50,000 X g at 4 0 C for 20 min to 
prepare a membrane/melanosomal fraction (pellet) and a cytosol fraction 
(supernatant) . Tyrosine hydroxylase activity in these fractions was then 
determined in triplicate, as described in Materials a,td Methods. Values were 
expressed as the percentage of the activity in the total homogenate. The cell 
strains used were 69W and 80W (white), 41B and 88B (black), and 73R 
(red-haired). 
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Figure 5. Immunotitration of tyrosinase in melanocyte homogenates. In-
creasing amounts of homogenate from a white (69W)-, black (99B)-, and 
rd (73R)-melanocyte cell strain were incubated with an anti-mouse tyro-
!inase antibody, and tyrosinase activity remaining in the supernatant was 
determined after precipitation of the complex with Pansorbin, as described 
in Materials alld Methods. The x-axis shows the number of cells in each cell 
homogenate sample incubated with antibody; arrows indicate the equiva-
lence points. Inset, tyrosine hydroxylase activity ill situ in the same cell strains 
used for immunoprecipitation analysis. Tyrosinase activity values are the 
averages of four assays ± so. 
tive abundance of tyrosinase in black and white melallocytes. For 
these studies, we utilized two immunologic methods: immunotitra-
cion analysis and immunoblotting protocols. The immunotitration 
procedure was originally described by Feigelson and Greengard [15] 
and was previously used by us to determine tyrosinase abundance in 
I 
melanoma cell cultures [10,16]. The analysis is based on equivalence 
point titrati~n. In principle, if one adds increasing amounts of anti-
gen-containl11g cell extract to a fixed amount of antiserum to form 
an irnrnunoprecipitate, the antibody will become saturated at the 
equivalence point. Thus, any further antigen added after this point 
is reached will appear in the supernatant following centrifugation of 
the antigen - antibody complex. If two different cell types contain 
the same number of antigen molecules per cell, the equivalence 
points vvill be the same; however, if one cell type has less antigen per 
cell than another, it will take more cells from the low-antigen cell 
type to provide enough antigen to saturate the antibody and reach 
Figure 6. Immunoblotting of tyrosinase from black and 
white rnelanocytes. Cells (2 X 106) from threewhite-melano-
eyte strains (69W, 84W, and 93A2) and one black-melano-
cyte strain (89A6) were sonicated in 0.05 M sodium phos-
phate buffer (pH 6.8) containing 0.1 mM PMSF and O.~% 
Triton X-100 and were centnfuged at 50,000 X g for 20 mm, 
and the supernatants were electrophoresed on a lO%T, 5%C 
SDS polyacrylamide gel. Following electrophoresis, the cell 
extract was blotted to Immobilon P and reacted with an anti-
tyrosinase antiserum [10] . The antibod~ - antigen complex 
was then reacted with goat antI-rabbIt Immunogiobullll G 
conjugated to alkaline phosphatase, and the resulting com-
plex was visualized by chemiluminescence and autoradiogra-
phy. (a) Irnmunoblot ofhuma~ tyrosi~ase; (b) .quantitation of 
the autoradiogram in a by denSItometric analYSIS on a Molecu-
lar Dynamics Model300A computing densitometer; (c) tyro-
!inase activity ill situ of the cell strains used in a; (d) melanin 
contents of the cell strains shown in a. For assay details, see 
Materials a lld Methods . Tyrosinase activity values shown in care 
the averages of six assays ± SO. 
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equivalence. When we determined the relative abundance of tyro-
sinase molecules in a black- and white-melanocyte strain by this 
analysis, we found that the number of tyrosinase molecules in a 
white cell strain (69W) was approximately the same as (or even 
more than) that of the black cell strain (99B) (Fig 5). However, as 
shown in Fig 5 (inset) J tyrosinase activity in situ in 99B (black strain) 
was eight times that of 69W (white strain). Thus, most of the 
tyrosinase molecules in the white cell strain (69W) are either cata-
lytically inactive in living cells in culture or are at least functioning 
at a low catalytic efficiency compared with the enzyme found in 
black melanocytes. Because white-skinned people with red hair 
represent a unique skin type (type I), we also determined the relative 
abundance of tyrosinase in a melanocyte cell strain derived from a 
subject with red hair (red melanocyte). Of interest, on the basis of 
immunotitration analysis, this cell strain (73R) had approximately 
one-half as many tyrosinase molecules as the black strain (99B) and 
one-eleventh as much tyrosinase activity measured in situ (Fig 5) . 
We next carried out studies to visualize and quantitate tyrosinase 
from black and white melanocytes by SDS gel electrophoresis and 
immunoblotting. For these studies, we examined tyrosinase from 
three white cell strains with low tyrosinase activity and melanin 
synthesis and compared the amount of tyrosinase present in these 
cells to the abundance of the enzyme from a black-melanocyte cell 
strain. As shown in Fig 6, little difference in tyrosinase abundance 
was found among the four cell strains studied. The black-melano-
cyte strain, which had 10 times the in situ activity and produced over 
10 times the amount of melanin as any of the white strains, had no 
more enzyme molecules than the 93A2 strain and at most had only 
30% more enzyme than the white-melanocyte strain, with almost 
non-detectable in situ tyrosinase activity (84W) . These results are in 
agreement with the immunotitration analysis data. Further, the 
immunoblots show that tyrosinase from white and black melano-
cytes is similar in size. 
Because the immunotitration analysis and immunoblot data show 
that white-melanocyte cell strains may synthesize as much tyrosin-
ase as black melanocytes, we next determined the abundance of 
tyrosinase mRNA in black, white, and red melanocytes by carrying 
out Northern immunoblot analysis [12,13]. Tyrosinase mRNA 
levels were determined in six melanocyte cell strains and compared 
with tyrosine hydroxylase activity both ill situ and in homogenates 
(Fig 7). Although tyrosinase activity in situ was low in both white 
cell strains (69W and 84W; Fig 7A), tyrosinase mRNA levels in 
these cells were as high as those found in black cell strains (Fig 7C). 
As expected, tyrosinase activity was elevated in homogenates pre-
pared from the two white-melanocyte cell strains, 69W and 84W 
(Fig 7B). 
The large discrepancy between in situ activity and tyrosinase 
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Figure 7. Comparison of tyrosinase mRNA and tyrosinase activity levels in 
melanocytes. Tyrosinase mRNA levels (C) were compared with tyrosine 
hydroxylase activity in situ (A) and in homogenates (B) . Total RNA was 
prepared from 1.0 - 4.0 X 106 melanocytes immediately after removal of 
cells from culture flasks, and tyrosinase mRNA levels were determined by 
Northern blot analysis, as described in Materials atld Methods. Tyrosinase 
activity ill situ and in homogenates in the small cell strains used for RNA 
analysis was determined as described in Figs 1 and 2. The melanocyte strains 
used were 73R and 74R (from red-haired neonates) , 69W and 84W (white), 
and 41B and 88B (black). Tyrosinase activity values in A and B are averages 
of six assays ±SD. 
mRNA levels in white melanocytes suggests that if this mRNA is 
being used for translation (as the data in Figs 5 and 6 suggest), much 
of the tyrosinase synthesized in white melanocytes from this mes-
sage is being held in a catalytically repressed state in the living cells. 
Unlike the white-melanocyte strains, melanocyte cell strains from 
red-haired neonates (73R, 74R) showed low tyrosinase activity both 
in situ and in homogenates and had low tyrosinase mRNA levels. 
The low mRNA level in red melanocytes agrees well with the low 
abundance of the protein detected by immunotitration (Fig 5). 
Black cell strains, as expected, had high in situ tyrosinase activity and 
high tyrosinase mRNA levels. 
DISCUSSION 
These studies have shown that although the amount of melanin 
produced by human melanocytes is strictly dependent on the level 
of tyrosinase activity, the level of tyrosinase activity in the cell is not 
strictly determined by the amount of enzyme produced. Melano-
cytes with high tyrosinase activity do not necessarily transcribe 
more tyrosinase mRNA or make more tyrosinase protein than do 
melanocytes with low activity. Our finding of inactive (or at least 
catalytically less active) tyrosinase molecules in melanocytes is con-
sistent with previous findings from our laboratory [6] and with 
results of other investigators who have shown that inactive tyros in-
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ase is present in human skin and in cultured melanoma cells 
[10,17 ,18] .. There ar~ at least two ~ossib~li~ies that could explain the 
observed difference m the catalytic activity of tyrosinase in black 
and white melanocytes. One possibility is that white melanocytes 
may have at least two subpopulations of tyrosinase, one population 
having catalytic activity comparable to black melanocytes and an-
other population comprising completely repressed molecules. The 
other possibility is that there may be one population of the enzyme 
in white melanocytes that functions at a lower catalytic rate than the 
~nzyme pre~ent in m~lanocytes of black skin types. Either possibil-
Ity would give essentially the same resul ts as we found by immuno-
logic analysis. In our previous studies on tyrosinase in human skin, 
we measured tyrosinase activity levels in skin samples from 20 black 
and 20 white skin types. We found that although enzyme activity in 
black skin averaged three times that of white skin, the abundance of 
the enzyme, as measured by immunotitration analysis, was similar 
in both skin types [6] . 
Although the molecular basis for catalytically repressed tyrosin-
ase is unknown, the low in situ catalytic activity of tyrosinase in 
white compared with black melanocytes may be the result of 1) 
structural differences in the enzyme in black and white skin; 2) the 
presence of tyrosinase inhibitors in white melanocytes; or 3) differ-
ences in the structure ~f melanos~mes in.different skin types, which 
c~~se chang~s m tyr?smase functIOn. With regard to the first possi-
bility, there IS no eVidence at present to suggest that different tyro-
sinases, with different amino acid sequences, are synthesized in 
black and white melanocytes. Unfortunately, sequences for human 
tyrosinase have been determined only from tyrosinase cDNAs pre-
pared from pigmented melanocytes or melanoma cells, not from 
melanocytes of defined skin types. The tyrosinase cDNA sequences 
that have been obtamed to date are virtually identical [11,19]. We 
are now in the process of sequencing tyrosinase cDNAs from mela-
nocytes derived from different skin types to determine whether 
~mino acid di~eren~es ?c~ur among racial skin types. The possibil-
Ity that tyrosmase mhlbltors may regu late the enzyme in white 
melanocytes is indirectly supported by a considerable number of 
reports in the literature that have suggested the presence of such 
inhibitors in melanoma cells and in melanocytes [20 - 23]; however, 
in simple mixing experiments, we have not been able to demon-
strate any inhibitory effect of white-melanocyte extracts on tyrosin-
ase activity in black-melanocyte homogenates (data not shown) . 
Finally, no evidence has yet been presented that structural differ-
ences exist in melanosomes from black and white melanocytes, al-
though some reports have shown that there are differences between 
white and black skin types in the packaging of melanosomes in 
keratinocytes [24]. 
The finding that tyrosinase mRNA levels are high in melano-
cytes from white skin types is in agreement with recent studies from 
Gilchrest and co-workers [25], in which the melanin content of 
cultured melanocytes was found to have no correlation with the 
amount of tyrosinase mRNA. In their study, however, tyrosinase 
activity was not measured, and tyrosinase protein was not quanti-
tated. Further, the melanocytes were not identified according to 
skin type. 
The skin types represented by the melanocyte strains used in this 
study include 1) red-melanocyte cell strains representing skin type I; 
2) white-cell strains representing skin type II or III; and 3) black-cell 
strains representing skin type VI [26]. The low levels of tyrosinase 
protein and mRN A in type I skin may explain the inability of people 
with this skin type to increase pigmentation in response to sunlight. 
If the tanning response involves activation of pre-existing tyrosin-
ase, then people with type I skin may not tan because they have little 
tyrosinase to activate. Similarly, the ability of people with type III 
skin to tan may be explained by the fact that melanocytes from these 
skin types contain an abundance of tyrosinase, which, although 
largely inactive in the cell, can perhaps be activated by sunlight. 
These results suggest that differences in racial human pigmenta-
tion are due to differences in tyrosinase activity levels in melano-
cytes but that this tyrosinase activity is regulated at a post-transla-
tional level. Studies are now in progress to identify the molecular 
processes involved in this regulation. 
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